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Multi-site photometric campaign on the high amplitude 
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ABSTRACT 

We present results of a multi-site photometric campaign on the high-amplitude 5 Scuti 
star KIC 6382916 in the Kepler field. The star was observed over a 85-d interval at 
five different sites in North America and Europe during 2011. ifep/er photometry and 
ground-based multicolour light curves of KIC 6382916 are used to investigate the pul- 
sational content and to identify the principal modes. High-dispersion spectroscopy was 
also obtained in order to derive the stellar parameters and projected rotational veloc- 
ity. From an analysis of the Kepler time series, three independent frequencies and a 
few hundred combination frequencies are found. The light curve is dominated by two 
modes with frequencies /i= 4.9107 and /2= 6.4314 d~^. The third mode with fz— 
8.0350 d~^ has a much lower amplitude. We attempt mode identification by examin- 
ing the amplitude ratios and phase differences in different wavebands from multicolour 
photometry and comparing them to calculations for different spherical harmonic de- 
gree, I. We find that the theoretical models for /i and /2 are in a best agreement 
with the observations and lead to value of 1 = 1 modes, but the mode identification 
of /a is uncertain due to its low amplitude. Non-adiabatic pulsation models show that 
frequencies below 6d"^ are stable, which means that the low frequency of /i cannot 
be reproduced. This is further confirmation that current models predict a narrower 
pulsation frequency range than actually observed. 
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INTRODUCTION 



The high-amplitude 5 Set (HADS) stars are defined as a 
Population I subgroup of 5 Set type variables. They are lo- 
cated in the central part of the instability strip (|McNaniaral 
I2OOO! ) in the core or shell hydrogen burning stage of stel- 



lar evolution and appear to be intermediate between normal 
5 Scuti stars and classical Cepheids. However, the distinction 
between HADS and ot her 5 Set stars is still rather arbitrary 
ISoszynski et al.ll2008l ). Their large amplitude, which typi- 
cally exceeds 0.3 mag, and the presence of many combination 
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frequencies caused by nonlinear coupling betw een the prin- 
cipal modes are the defining characteristics (JBreger et alj 
Il99a ) . In general, the HADS appear to pulsate most ly in the 
funda mental and first overtone radial modes (Balona et alJ 
l2012r ). However, they need not to be purely radial pul- 
sators, since recent studies hav e shown tha.t some high- 
ampl i tude modes are no nradial (jMcNamaral I2OO0I : IPorettil 
l2003l : |Poretti et alJlioTH ). 

KIC 6382916 (ASAS 194803-^4146.9, V = 10.79) was 
first monitored during the ASAS-3 North station observa- 
tions and reported as a doubl e-mode HADS star w ith a 
period ratio Pi/Po = 0-763 by iPigulski et al.l l|2009l ). The 
star has also been observed by the Kepler satellite in short- 
cadence (SC, 1-min ex posures) and long-cadence (LC, 30- 
min exposures) modes IjGilliland et al.ll2010l : Ijenkins et al.l 
l2010f ). The Kepler observations are very important as they 
allow us to fix the frequencies with great precision. We can 
use these frequencies to fit the multicolour ground-based ob- 
servations and to determine the amplitudes and phases for 
the purpose of mode identification. 

In this paper, we present results of a multi-site pho- 
tometric and spectroscopic campaign on the HADS star 
KIC 6382916 in order to identify the modes of pulsation. 
Mode identification is the first step in using the frequencies 
to determine the stellar parameters (asteroseismology). The 
paper is structured as follows: we first present a detailed 
description of the ground- and space-based observations in- 
cluding method of data reduction and frequency analyses. 
Mode identification, which is the main purpose of this study, 
is presented in Section 6. Finally, we discuss these results. 



2 SPECTROSCOPY 

Spectroscopic observations were obtained at two different 
sites. The first set of spectra were obtained with the 2-m 
RCC telescope of the Bulgarian National Astronomical Ob- 
servatory, Rozhen. We observed the star during two nights 
(2011 July 8 and 9) and in three spectral regions 4800- 
4910 A (H/3), 4500-4610 A (Si lines) and 6390-6500 A (Fe 
lines). A Photometries AT200 camera with a SITe SI003AB 
1024 X 1024 CCD chip (24 /im pixel size) was used in the 
third camera of the Coude spectrograph to provide spec- 
tra with a typical resolution of R = 32 000 and a signal- 
to-noise (S/N) ratio of about 50. The exposure times were 
1800 s. The intrinsic spectral line profile, which halfwidth 
gave about 9kms~^near 6500 A, was determined from the 
arc spectrum. Standard IRAF procedures were used for bias 
subtraction, fiat-fielding and wavelength calibration. 

We also obtained spectra of KIC 6382916 using the 
WIRO longslit spectrograph with an E2V 2048 x 2048 CCD 
as detector. An 1800 1 mm~^ grating in first order yielded a 
spectral resolution of 1.5 A near 5800 A with a 1.2" x 100" 
slit. The spectral coverage was 5250-6750 A. Individual 
exposure times were 600 s. Reductions followed standard 
longslit techniques. Each spectrum was shifted by a small 
amount in velocity so that the Na I D AA5890, 5996 lines 
were registered with the mean Nal line wavelength across 
the ensemble of observations. This zero-point correction to 
each observation is needed to account for the effects of image 
wander in the dispersion direction when the stellar FWHM 
of the point spread function is appreciably less than the slit 
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Figure 1. H/3 line (dots) fitted with a model with T^a = 6950 K, 
logg = 3.7 (cgs) (solid line). Two other models - T^ff = 6500 K 
(long-dashed line) and T^g = 7250 K (dashed line) are given for 
comparison. 



width. Multiple exposures were then combined, yielding a 
final S/N ratio typically in excess of 60 near 5800 A. 



3 ATMOSPHERIC PARAMETERS 

Model atmospheres were calculated using the ATLAS 1 2 
code. The VALD at omic line database (JKupka et al.lll999l ). 
which also contains iKuruca ([1993) data, was used to cre- 
ate a line list for the synthetic spectra. The SYNSPEC code 
(|Hubenv. Lanz fc Jeffer^^ 1 19941 . iKrtickal Il998l ) was used to 
generate synthetic spectra adopting a microturbulence of 
2kms~^. The computed spectra were convolved with the 
instrumental profile (a Gaussian of 0.2 A FWHM for the 
Coude spectra and 1.5 A FWHM for the WIRO spectra) 
and rotationally broadened to fit the observed spectrum. 

The best fit for the H/3 and Ha lines was obtained for 
Tcft = 6950 ± 100 K, logg = 3.7 ± 0.1. We used the Mgll 
A 4481 A line for the determination of projected rotational 
velocity. The match between the synthetic and observed pro- 
file resulted in vsva i — 50±10 kms~^. In Fig.[T]we show the 
best fit for H/? together with a fit using two other effective 
temperatures for comparison. 



4 THE KEPLER PHOTOMETRY 

Kepler data were used to derive the frequency content of 
KIC 6382916. The /Cepfer Mission, de signed to detect E arth- 
like planets using the transit method (jKoch et al.ll20ld ). was 
launched on 2009 March 6. Kepler has observed, and is con- 
tinuing to observe, about 150 000 stars in a fixed field of 
view. The superb photometric precision and the almost con- 
tinuous data coverage is of great advantage in determining 
the pulsational frequencies which can then be used to fit 
the ground-based data. Kepler observations consist mostly 
of long-cadence (LC) exposures of 30-min duration, but a 
few thousand stars, including KIC 6382916, were observed 
using 1-min (short cadence, SC) exposures. 

The LC data are of limited value since the maximum 
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Table 1. Modes of highest amplitude in KIC 6382916 extracted 
from Kepler photometry. The first column is the name of the 
mode. The frequencies / (d~^), amplitudes A (mag) and phases 
(f) (radians) and the signal-to-noise ratio are listed. The standard 
deviation in the last digits is given. The epoch of phase zero is 
BJD 2454833.00. 



Name 


/ (d-^) 


A (mag) 





S/N 


h 


4.910722(8) 


0.08067(3) 


0.26626(6) 


1406 


h 


6.431366(9) 


0.07852(3) 


0.39624(7) 


1107 


h 


8.035055(54) 


0.01233(3) 


0.58971(42) 


158 


h (/l + /2) 


11.342088(22) 


0.03077(3) 


0.61926(17) 


325 


h (2/i) 


9.819598(39) 


0.01734(3) 


0.93893(30) 


209 


k (/2-/1) 


1.522490(34) 


0.01624(3) 


0.92359(27) 


250 


/7 (2/2) 


12.863552(50) 


0.01337(3) 


0.23045(39) 


144 



frequency that can be extracted is about 24 d ^. We there- 
fore used only the SC data which consists of 38314 points 
between JD 2455064.38 and JD 2455091.48 (27.1 d) taken at 
/fepter quarter 2.3 (Q2.3). With SC data frequencies as high 
as 700 d~^ can be detected if they are present. The data 
were prepared for analysis by cotrending and detrending the 
Simple Aperture Photometry (SAP) fluxes. The cotrend- 
ing process was applied to the Q2.3 data using Cotrending 
Basis Vector (CBV) files which hel p to remove instrumen- 
tal systematics from the hght c urve IjFraauelli fc ThompsonI 
l20ia IChristiansen etlll 1201 21. KEPCOTRENeQ package that 
is provided by NASA Kepler Science Center is used during 
cotrending process. All data points were converted to mag- 
nitudes ijaii) using the formula nii = —2.5 log Fi, where Fi is 
the raw SAP flux. A linear trend to rrii as a function of time 
was removed so that th e final magnitudes h ave zero mean. 
We used PERI0D04 (iLenz fc Bregedl2005l ) to perform the 
frequency extraction. Frequencies were extracted by succes- 
sive prewhitening until the signal-to-noise threshold S/N = 
3.5 was reached. All pea ks with S/N greate r than this value 
were deemed significant IjBreger et al.ll2011f) . We found that 
the light curve can be described by two independent frequen- 
cies, /i = 4.9107 and /2 = 6.4314 d"\ together with their 
harmonics and a few hundred combination terms. A third 
independent frequency, fz = 8.0350 d~^, is also present but 
has a much lower amplitude. The amplitude spectrum is 
shown in Fig. [51 Apart from /i and /2 , the peaks of highest 
amplitude are the combination terms /i + /2 and /2 — /i and 
the harmonics 2/1,2/2. The lowest frequency that appears 
significant is /2 — /i = 1.520 d"'^. For the calculation of phase 
differences and amplitude ratios at difi'erent wavebands, we 
only considered the first seven frequencies of highest ampli- 
tude. These frequencies and their amplitudes and phases are 
listed in Table [T] 



5 GROUND-BASED PHOTOMETRY 

Photometric observations of KIC 6382916 were obtained at 
five different observatories located in North America and 
Europe. A total of 288 hours of observation was accumu- 
lated over 53 nights within the 85-d duration of the cam- 
paign. The campaign began in 2011 June and ended in 2011 



^ \http://keplergo.arc.nasa.gov/Cont'ributedSoftwareKepcotrend.shtml\ 
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Figure 2. Fourier spectrum of KIC 6382916 for SC Kepler data 



Table 2. Information on the photometric multi-site campaign. 
BNAO-Rozhen: Bulgarian National Astronomical Observatory- 
Rozhen; OAVdA: The Astronomical Observatory of the Au- 
tonomous Region of the Aosta Valley; SPM: Observatorio de San 
Pedro Marti'r; RBO: Red Butte Observatory; CrAO: Crimean As- 
trophysical Observatory. The telescope apertures are in m. The 
total number of nights observed and the start end ending Julian 
dates of the observations relative to JD 24455000 are given. 



Obs. 


Site 


Tel. 


CCD-PMT 


BNAO-Rozhon 


Bulgaria 


0.60-0.70 


FLI PL9000-16803 


OAVdA 


Italy 


0.81 


FLI PL3041-1-BB 


SPM 


Mexico 


0.84 


FLI Fairchild F3041 


RBO 


USA 


0.60 


Apogee Alta E47-UV 


CrAO 


Ukraine 


1.25 


FLI PLlOOlE-1 


CrAO 


Ukraine 


1.25 


5-channel UBVRI 
photometer-polarimeter 


Obs. 


Filters 


Dates 


Nights 


BNAO-Rozhen 


BVRI 


3 


735.35-782.56 


OAVdA 


BVRI 


17 


740.38-782.62 


SPM 


UBVRcIc 


14 


724.74-802.67 


RBO 


UBVRl 


6 


767.71-791.96 


CrAO 


UBVRclc 


13 


719.29-804.48 



September (JD 2455719.29-2455804.48). AU data were ob- 
tained with either CCD or PMT detectors attached to five 
different telescopes in the UBVRI photometric bands. A de- 
tailed description of the observations is given in Table [J] 

The PMT data were only obtained using the 1.25- 
m telescope equipped with a five-channel photome- 
ter/polarimeter at CrAO. Since no U filter was available at 
BNAO-Rozhen and OAVdA, CCD measurements were ob- 
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Figure 3. Fourier 
prewhitening 



spectrum of ground-based data before 
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tained only in BVRI. Furthermore, the U data from WIRO 
and CrAO suffers from instabihties due to the poor qual- 
ity of the data. As a result, the frequencies in the U band 
could not be properly resolved and therefore we decided to 
omit the U observations for the purpose of mode identi- 
fication. All the data sets from different sites were checked 
carefully and prepared for Fourier analysis by removing out- 
liers caused by bad weather conditions or some other reason. 
The R and / filters are all of the Johnson/Bessel type ex- 
cept for SPM (Mexico) and CrAO (Ukraine) which are of 
the Cousins/Kron type. These filter differences have a neg- 
ligible effect on the resulting amplitude ratios and the phase 
differences and no specific correction was applied. 

Data reduction was performed by following the stan- 
dard procedures. For the CCD observations, the data 
were reduced with standard IRAF routines including dark 
frame, bias subtraction and fiat-field corrections for each 
CCD frame. Data taken with the different instruments 
were reduced with respect to only one comparison star, 
GSC 3144 0053, which could be observed in the CCD field 
at all sites. Instrumental magnitudes were obtained with the 
DAOPHOT II package (Stetson 1983) for aperture photome- 
try. The PMT data from CrAO were reduced by following 
the traditional steps of obtaining differential magnitudes, 
sky subtraction and differential atmospheric extinction cor- 
rections using the same comparison star. Finally, the times 
were converted to Heliocentric Julian Date (HJD). 

Since the telescopes and instruments used at the observ- 
ing stations were not exactly the same, measurements from 
different sites have different zero points. In order to deter- 
mine the zero point differences in each filter for each site, 
we assume that the light curve is well represented by a trun- 
cated Fourier ser ies using frequencie s derived from the Ke- 
pler photoraetry (|Ulusov et al.ll2013l ). The Fourier spectrum 
of the data before prewhitening can be seen in Fig. |3] Using 
the first seven frequencies of highest amplitude extracted 
from the SC Kepler data, the individual zero points for the 
different sites together with the number of observations are 
shown in Table [3l The amplitudes and phases were deter- 
mined by least-square fitting with the three independent fre- 
quencies: /i = 4.9107, /2 = 6.4314 and /a = 8.0350 d'S 
the harmonics of /i and /2 (2/i, 2/2) and the combination 
frequencies listed in Table. |4] The uncertainities were cal- 
culated as the standard deviations of each fitted parameter. 
The observed light variation of the star in the V filter to- 
gether with the fitted Fourier series are shown in Fig. (4] 



6 MODE IDENTIFICATION 

Photometric mode identification is based on a comparison of 
observed amplitude ratios or phase differences with the com- 
puted values at different wavelengths. These differences are 
small and requires photometry of high accuracy. The best 
results are obtained with pulsations of high amplitude since 
the relative errors are smaller. With this in mind, we only 
considered the three independent modes with highest ampli- 
tudes in KIC 6382916. The method followed her e is described 
in a p revious multi-site campaign reported bv lUlusov et al.l 
IJ2013I ). In order to calculate the amplitude ratios and phase 
differences in the Johnson/Cousins BVRI system for a given 
spherical harmonic degree, I, we made use of the FAMIAS soft- 



Table 3. Zero points in the UBVRI filters for various sites and 
the number of observations, A''. 



Site 


U 


N 






Mexico 


-2.863 ± 0.001 


1395 






Site 


B 


N 


V 


N 


Bulgaria 


-1.446 ± 0.002 


373 


-0.276 ± 0.001 


379 


Italy 


-1.118 ± 0.001 


3474 


-0.237 ± 0.001 


3209 


Mexico 


-1.289 ± 0.001 


1435 


-0.288 ±0.001 


2814 


Ukraine 


-1.255 ± 0.001 


11795 


-0.213 ±0.001 


9985 


USA 


-1.211 ± 0.002 


278 


-0.267 ±0.002 


275 


Site 


R 


N 


/ 


N 


Bulgaria 


0.312 ±0.001 


372 


0.919 ±0.001 


372 


Italy 


0.389 ± 0.001 


2922 


0.966 ± 0.001 


2618 


Mexico 


0.317 ± 0.001 


1420 


0.942 ± 0.001 


1390 


Ukraine 


0.395 ± 0.001 


10587 


1.039 ± 0.001 


9423 


USA 


0.361 ± 0.002 


273 


0.987 ± 0.001 


255 



Table 4. Amplitudes, A (mag), and phases (radians) for the three 
frequencies of highest amplitude: /i = 4.9107, /2 = 6.4314 and 
/s = 8.0350 d~^, their harmonics and linear combinations of /i 
and /2. The epoch of phase zero is JD 2455700.000. 



ID 


Ab 


0B 


/l 


0.1281 ± 0.0005 


0.2668 ± 0.0006 


h 


0.1263 ± 0.0005 


0.1294 ± 0.0006 


fa 


0.0145 ± 0.0005 


0.4718 ± 0.0056 


/1 + /2 


0.0469 ± 0.0005 


0.1292 ± 0.0017 


2/1 


0.0186 ± 0.0005 


0.3068 ± 0.0043 


/2-/1 


0.0139 ± 0.0005 


0.2081 ± 0.0056 


2/2 


0.0226 ± 0.0005 


-0.3858 ± 0.0036 


ID 


Av 


4>v 


/l 


0.0929 ± 0.0003 


0.2779 ± 0.0006 


h 


0.0925 ± 0.0003 


0.1228 ± 0.0006 


h 


0.0141 ± 0.0003 


-0.4650 ± 0.0037 


/l +/2 


0.0335 ± 0.0003 


0.1219 ± 0.0015 


2/1 


0.0158 ± 0.0003 


0.3565 ± 0.0033 


/2 - /l 


0.0150 ± 0.0003 


0.2216 ± 0.0033 


2/2 


0.0144 ± 0.0003 


-0.3996 ± 0.0036 


ID 


Ar 


4>R 


/l 


0.0696 ± 0.0003 


0.2675 ± 0.0006 


/2 


0.0683 ± 0.0003 


0.1157 ± 0.0006 


/3 


0.0109 ± 0.0003 


-0.4611 ± 0.0041 


/l +/2 


0.0234 ± 0.0003 


0.1134 ± 0.0019 


2/1 


0.0123 ± 0.0003 


0.3460 ± 0.0036 


/2 - /l 


0.0086 ± 0.0003 


0.1979 ± 0.0050 


2/2 


0.0118 ± 0.0003 


-0.4180 ± 0.0038 


ID 


A! 


0/ 


/l 


0.0487 ± 0.0003 


0.2578 ± 0.0009 


/2 


0.0488 ± 0.0003 


0.1115 ± 0.0009 


/3 


0.0089 ± 0.0003 


-0.4289 ± 0.0048 


/l +/2 


0.0169 ± 0.0003 


0.1091 ± 0.0025 


2/1 


0.0089 ± 0.0003 


0.3375 ± 0.0047 


/2 - /l 


0.0040 ± 0.0003 


0.1372 ± 0.0105 


2/2 


0.0082 ± 0.0003 


-0.3968 ± 0.0052 


kage |Zimall2008l~). This orogram uses ore-c 



grids of non-adiabatic stellar models. The calculations need 
to be restricted to models in the appropriate range of TcS, 
logj;, stellar mass and metallicity. 

For KIC 6382916, we computed the amplitude ratios 
and phase differences in the BVRI bands for spherical har- 
monic degrees ^ Z ^ 3. We adopted the stellar parameters 
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Figure 4. V filter light curves corrected for zero points showing fitted Fourier curve. 



Tcft = 6950 ± 100 K, log 3 = 3.7 ± 0.1 and microturbulent 
velocity ^ = 2kms~^. Using these parameters, the mass of 
KIC 6382916 is estimat ed to be M = 1.93±O.27M0 from the 
empirical relations in [Torres et alj (|2010f ). The ampUtude 
ratios and phase differences depend on the stellar param- 
eters. Since the estimated stellar parameters are not very 
precise, we decided to calculate these values over the range 
6800 < Teft < 7200 K and 3.5 < logp < 3.9. 

In FAMIAS, theoretical calculations are performed adopt- 
ing a grid for i5S cuti stars computed vyith the ATOH 
l| Ventura et al.ll2008l ) and MAD l|Montalban fc Dupretl [20071 ) 
codes. The uncertainity in the theoretical prediction of the 
amplitude ratios comes from the uncertainties of the pa- 



rameters, am plitude, phase, effective temperature and logg 
(|Zimall2008l ) . The observed amplitude ratios and phase dif- 
ferences for /i , /2 and /a normalized to the B filter are listed 
in Table[5l Comparison with the calculated values are shown 
in Fig.[Sl Also, the relationship between the amplitude ra- 
tios, phases and these frequencies are shown in Fig. |S] 



As can be seen from Fig. [S] the observed amplitude 
ratios for /i and /2 agree quite well if Z = 1 for both modes. 
We could not obtain a reliable mode identification for /a 
because of its low amplitude, but it appears to be either 
I = OT I = 2. The phase diflerences /i agree quite well for 
I — 1, though for /2 they are intermediate between I = 1 and 
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Figure 5. Amplitude ratios (left panels) and phase differences (radians, right panels) for /i, /2 and f^. The curves are from models with 
a range of stellar parameters of the best estimated values with a range of stellar parameters of 6800 < T^ff < 7200 K and 3.5 < log g < 3.9, 
and for different spherical harmonic degrees, I {0 ^ I i^ 3). The red (solid) lines indicate I = 0, the green (long-dashed) 1 = 1, the dark 
blue (dashed) 1 = 2 the purple (dotted) 1 = 3. The models computed for M = 1.9OM0. The black squares represent the observed values 
with their standard deviations for /i , /2 and /a . 



Table 5. Amplitude ratios, A/Ab, and phase differences, 
(radians) for the seven frequencies of highest amplitude. 
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0.3123±0.0955 


R 


0.6613±0.0240 




0.2463±0.0993 
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I 


0.3864±0.0028 


2/2 
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/3 
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0.7517±0.0332 
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I 
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0.6239±0.1307 



I = 0. Overall, it seems as if /i and /2 are both dipole modes. 
The radial mode seems to be ruled out for both modes. 



7 CONCLUSIONS 

Analysis of short-cadence Kepler photometry was used to de- 
termine the pulsation frequencies in KIC 6382916. We find 
two large-amplitude independent modes with frequencies /i 
= 4.9107 and /2 =6.43137 d~^ as previously reported by 
Pigulski et al. (2009) from ground-based observations. We 
found a third independent frequency at /a = 8.03506 d~^ 
which has a much lower amplitude. The frequency spectrum 
is dominated by /i and /2 and their harmonics and combi- 
nation frequencies. 

In HADS stars the modes of highest amplitude are gen- 
erally radial modes since in many stars the period ratio 
Pi/Po of first overtone to fundamental radial modes is close 
to the expected value 0.77 < Pi/Po < 0.78. The stars lie 
on a curve defined by Pi/Po a s a function of logPo which 
is called the Petersen diagram (|Petersenlll973l ). The period 
ratio depends on meta l licity, rotation and chemical abun- 
dance l|Lenz et al.ll20og : ISuarez et al.ll2007^ . In KIC 6382916 
the period ratio for the two modes of highest amplitude is 
/i//2=0.763 which differs significantly from the expected 
period ratio for fundamental and first overtone radial modes. 
It therefore seems that at least one of the two modes is 
probably a nonradial mode. This may not be too surprising 
since recent studies suggest t hat the radial mode need not 
be present in aU HADS stars (|Poretti et al■ll2011^ ■ 

To determine the spherical harmonic degree of the three 
independent modes in KIC 6382916 we first of all need to 
know the stellar parameters as accurately as possible. For 
this purpose we obtained high-dispersion spectra and esti- 
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Figure 6. Amplitude ratios (left panel) and phase differences (radians, right panel) for /i, /2 and its harmonics, 2/1,2/2. 



mated an effective temperature Tcft = 6950 ± 100 K and 
log(? = 3.7 ± 0.1 by matching the Balmer line profiles with 
profiles calculated from synthetic spectra. From the effec- 
tive temperature and surface gravity we estimate the mass 
as M = 1.93±0.27Mq. 

Mode identification is best done by comparing the rel- 
ative amplitude ratios and/or phase differences in different 
photometric wavebands for the required mode with the cal- 
culated values. For this purpose we initiated a multi-site 
photometric campaign to observe KIC 6382916 in the BVRI 
bands. We used the frequencies derived from the Kepler data 
as fixed values and fitted a truncated Fourier series to the 
data from each wave band using the seven frequencies of 
highest amplitude. The resulting amplitude and phases were 
used to construct the relative amplitudes and phase differ- 
ences, normalized to the B band, f or .fi, f2 an d /s. We then 
used the FAMIAS software package (|Zimall2008r ) to calculated 
amplitude ratios and phase differences for models with stel- 
lar parameters approximately corresponding to the spectro- 
scopic values mentioned above. It turns out that /i and /2 
are both dipole {I = 1) modes and that /a is either I = 01 
1 = 2. 

If the identification for both /i and /2 is correct, it 
calls to mind the case of 1 Mon (jBalona fc Stobid Il98d : 
iBalona et al.ll200lh . In this star there are three modes: a 
central radial mode flanked by two I = 1 modes. In any 
case it seems that we need to be cautious in attributing 
the high-amplitude modes in HADS stars as radial modes, 
though this is probably true in the majority of cases. 

It is important to compare the observed frequencies of 
/i and /2 with model frequencies for 1 = 1. However, we are 
faced with the problem that rotation strongly modifies the 
frequencies of the I = 1 modes. We therefore need to esti- 
mate the possible frequency shift owing to this effect which 
requires knowledge of the rotation frequency. In some 5 Set 
stars, it is possible to detect the rotational frequency di- 
rectly from the periodogram of the Kepler data by looking 
for the presence of a low-frequency peak and its harmonic. 
The presence of an harmonic is an indicator that the peak is 
due to a s tarspot and h ence the frequency is the rotational 
frequency (lBalonall2013f ). Unfortunately, no such peak is vis- 
ible in KIC 6382916. 



The alternative is to estimate the rotational frequency 
from the projected rotational velocity v sin i = 50 ± 
lOkms"^ and the stellar radius. The stellar radius is esti- 
mated to be about 3.69±0.14 Rq using the relationships by 
[Torres et al.l (|2010|). If we assume that the star is roughly 
equator-on, the equatorial rotational velocity will proba- 
bly be about 50 kms~^ and the rotation frequency around 
0.27 d~^. If the star is equator-on, only sectorial modes will 
be visible and the frequency shift will roughly be the same as 
the rotation frequency. Thus we may expect the frequencies 
in the non-rotating frame to be in the range 4.6 < /i < 5.2 
and 6.K /2 < 6.7. 

We can compare these frequencies with frequencies cal- 
culated from non-rotating models. For this purpose, models 
of 5 Scuti stars with masses in the range 1.3 < M/Mq < 2.5 
were constructe d using the Warsaw - New Jersey code 
(|Paczvnskil 19701 ) . These models use OPAL opacities, no core 
overshoot and a mixing length, a = 1.0. Pulsation frequen- 
cies for each model were obtained using the NADROT code 
( Dziembowski 1977 ). It turns out that all modes with fre- 
quencies less than about 6.1 d~^ are stable. One may argue 
that the rotation frequency is much larger and that the rota- 
tion correction would then bring /i closer to the this value. 
This argument cannot be correct since this would imply a 
nearly pole-on orientation, in which case sectorial modes are 
no longer visible. We are thus faced with the problem that 
current models are unable to account for driving at the low 
frequency of /i. Models where /i and /2 are both present 
(but with /i stable) all have 6800 < T^s < 7200 K and 
3.78 < log jr < 3.88 which is roughly in the range of the val- 
ues determined from spectroscopy. In the model, frequencies 
in the range of /i and /2 are mixed p and g modes of high ra- 
dial order, but this does not mean that the observed modes 
are also of this kind since no model is capable of driving these 
frequencies. The lowest frequency of a p mode for models in 
the above parameter range is about 8.6 d~^. They all ap- 
pear to be g modes of high order. The lowest frequency of 
a p mode for models in the above parameter range is about 
8.6d-^ 

In conclusion, we find that the two modes of highest am- 
plitude in KIC 6382916 are not only dipole modes, contrary 
to expectation, but are high-order g modes which are pre- 
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dieted to be stable in the models. Unless the derived stellar 
parameters are grossly in error, this would imply a problem 
in our understanding of pulsational driving in 5 Scuti stars. 
We know that there is a problem with the models in that 
the observed range of i nstability is wider than the ca lculated 
range for 6 Set stars (JBalona fc Dziembowskill201ll ). It ap- 
pears that the presence of two high-amplitude g modes in 
KIC 6382916 is further confirmation of this problem. 
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